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(54) SMOOTH SURFACED OPEN FHAMENTARY MATERIA! 



(71) We, Minnesota Mining and 
MAmJFAcruiaNG Company, a Corporation 
organised and eacbtiog under the laws of ihs 
State eff Delaware, United States ctf America, 
of 2501 Hudson Rood, Sadat Paul, Minnesota 
55 101 A United Stages of A^pt^ ^ hettby 
declare tie invention for. v&kh we pray that a 
patent *Bay be granted t» us and die mesfaod 
by wMdi it is to fe performed ico be parfcu- 
lariy described in am by da following state- 
meet: — 

This investioQ relates to filairrentous mat- 
«ia3s acid methods of mafet-rtg ya ny. More 
partrotely^ the invention relates to tfrft pns- 
paraJSon of snaootb-sarf$!ced open, parous in- 
tegrated mate (Le* tangbd maiQ cf contiimous 
crinkled fibres ox xnoooo-filameats. 

According to the iiwedtzoa a metod of 
trcaHng such a cnatt cctoprisES extruding a 
hot thermoplastic polymeric xoateriai in the 
luutm of a broadfe of ctoseiy-^p&oed separate. 
c PTtifrirro us fi&ments, pemmtiDg said fifr™^ 
to fall under risen* own wesgbtt toward die 
surface of a EqrtW quench- bath> mam»»mi^ a 
contact surface above said epenefc fcadi sur- 
face and jan position to permit a glancing eoa- 
iact wit3a at (least a poxtKsa of the oncer 
filamenas of said bundle^ and advancing the 
resulting tatdle of filmnems wkMn ■ said 
quench bath ai a Enear speed ssbsrajnially less 
than tfac cscntsion speed, of said fifen m rtSy 
Whereby to fcause crmHSng wdEding together 
aad nitereogagemetEt cf said filaments into a 
lij-Jfllry tnifled matt havrog a flat surface area 
of aj fcrea s ed density, 

T^bb a smacjeh surfaced open Jolaraentary 
aartfeUe acccsriSng to tiae sr^entim comprises 
an open matt of intcreogaged continuous 
crinkled filaments of lesaKent thermoplastic 
pdymerje rnaterial welded together a* points 
cf matn^ cct ft tH ct to form an mtejgrRted struc- 
ture at feast a portion of coe surface of wMch 
is fattened and contains a lagfer density of 
filameift -Oban does the inner portion of said 
matt. 

Aa important fiefid of nti&y for tne pro- 



ducts cf Ac invasion is in wealher-resistHnt 
oairdaor mats or carpeting. The smooth face 
*tf the web ptrmits injpftjrod contact w&& tbe 
siipporting surfece and .is paitic-j&riy helpful 
in assuring gcod boatfmg with T pagp c or ad- 
hesive conipoiiiiions app&etf tbereto. 'Die 
criish^imstarA: ]arge-diamrrttr crinkled fik- 
ments (provide a safe^ pleasant and wear* 
resisfcia walking surfece* The exfctemely open 
nature cf tbt wtfb and the stoootii surface cf 
die filaments pennks. easy -cleaning and wash- 
ing as wtfll as- rapid drying, ft dteared^ 
fi^tt snay be further rariforced and 
stengchened by treatment with vanious resins 
or polymars ^ffied from sotetion or suspen- 
aon or m o&ar ways; bm tfe matofial as 
first formed ibas a surprisingly WgK degree of 
integrity peiniitting windfag ioto tdoOls far 
storage, tinwirtding and fcandfing for applica- 
tic^ aid sdroequaot treatrreat in use with- 
out dsimtegpfflriQu. 

T9ie natt to abo been found useful hx die 
ptf3*rarion of flexthJa molds, for electrical 
tsfcfe splice areas and. the like, A section of 
ti* mate is placed against an axfesive-ccBJted 
iKsi^porais flexible film, and the rombdnation 
dien feMed aboot the splice area and sealed 
at t3» sidesj in effecc fanning an. open-top 
potfdh which is then filled wnii watafefe pocdng 
^CCTpousKL He crusfc-resisKrff open matt 
hdds tiie film at tbe desired distance from 
Hie cable while pJerrmttjcg the Mguid ccdk 
pound to penetrate and fiS -to entire pouch 
and, ^ter.h^emng, to erfcapsdate and in-- 
sulate the ^ke area. 

The Snventiosa will now be furaiififf de- 
srmbed by way of example' and witii refonencc 
k> lie accomr^ny^ng drawings in wMcfc: — 
m Figore 1 is a schematic illustration in eleva- 
tkm Showing the process and ^paratus nstd 
in rnaidng the matt; 

F5gttres 2 and 3 are represeaaticos of front 
and beck sisrface areas of a paraoa of a typi- 
cal matt as made on the appefisatns. and by 
the method of Fagare and 

Hgure 4 is a represenjation of an 
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view of a segment of a matt having two oppos- 
ing flattened surfaces. 

As shown in Figure 1 <me Hqmd fused rr£y- 
mer h esttuded from a perforated noznk or 
5 spinnerette tread 10 as icdiYKluatf streams or 
fiigrngms II winch fell feedy far a snort 
distance before advancing into the quench 
bath IB. As rhe filaments enter the quendi 
bath they cod and rigtdify, thereby setting up 

10 a degree of resistance to the flow of the 
mohen streams which as a consequence ait 
caused to oscillate just above the barb sar- 
face. The resulting wavy motion establishes 
irregular periodic pointy contact between 

15 streams^ causing spot weldrng of tie filaments 
at those pecafo oome of the otter ffflflufrnift 
also come tec contact with the smooth surface 
of she dram 12 and are thereby prevented 
from ccallation m that direcczosL The dram 

20 12 rotates at a predetermined surface speed 
which is substantially lower than ibe rate of 
extrusion of me filaments. Thus tie linear 
advanong speed off U» matt is less than the 
extroaicai speed In general it is found that a 

25 ratio of advancing speed to extnnrcn speed of 
2 to 7 is advantageous. The bundle cf fih- 
rrjeots is rapidly ceded and rigidified in the 
quendi bath to form the integrated mast 14, 
which is then withdrawn from the bath and 

30 wound up cq storage rcol 15* The surface of 
the drum may be provided with spaced T^ns 
or pegs 16 or may be otherwise modified to 
assist in cctaasllmg the advance or nidifying 
the structure of the maii 14 to is preferably 

35 generally smoom. 

It will be seen that the surface of rhe drum 
12 is wetted by inversion in die quench bath; 
'■ but lias is not essential; since asoonary dry 
poHsbcd metal or ether plates or the like have 

40 also been found to provide effective contact 
surfaces. Where danger of adhesion cr tther- 
wise induced sricfeiog at tfce surface may be 
presenti low-adhesion smcorh coatings or films 
may he appSed to the contact surface. 

45 The amount df bonding or spot welding 
occowing (hinflg tfae process just described 
may be adjusted by changes in the particular 

* polymer emp fcya d, tie tenrpeninire of the 
filammt at point of contact, rhe diameter of 

50 the filament, the rate of withdrawal of the 
matt* and in other ways- The additional num- 
ber of contacts betwe e n filflragms occasioned 
- by contact with the smoothing .plate or roll 
adds suhScjent braiding tp tmimmn adequate 
55 integrity sad good haxtfltf^ chaiacmrisrics in 
tiie matt while soft pawnnig the removal 
of individual filaments in substantially con- 
. tifflious lengt&s widiout breaka^fc. 

The width and (thickness cS matt which 
60 may be produced by the technique just de- 
scribed is limited, e~g- by the size of extruder 
and n um b e r of orifices. As an example, a 

• typical tmatt may contain a total of 260 fila- 
ments and have a width of eight indbes and 

65 a tfcekness of 3/4 inch (1.9 cm.). In general 



however it has been found that mans can 
be made by die invention upwardly from one 
quarter of an inch thick, Fortunately it is 
found mat the edges or faces of such wet* 
may be joined together in a fuEy effective 70 
mflT^r w to produce webs of any desired width. 
The iateralry mending coils , and loops of tibe 
figments afcug the adjacent surfaces inter- 
mash somaently to produce a surprisingly 
effective bond when further treated with mini- 75 
mal qoanritfes of hardenabte liquid acB rc s i ve. 

Usually the ratco of Ebe average teugth of 
the <x*nramed fibments to the lengrii of the 
matt is between 2 and 7. 

TTie flatajened surface portion of tbematt 80 
contains a higher conce nt ration or density of 
filament than dees tie remainder cf the 
structure, and presents a greater contact area 
than does the opposite umiartmeiJ surface. As 
a result, adhesjves are enabled to form a 85 
strong bond with me flattened surface. Prefer- 
ably rhe ratio of fibre density at the flattened 
surface to that at a parallel plane removed 
from the flat surface is at leasr two. It is , 
pebble to flatten both surfaces, simply by 90, 
including a second azr^orh-surfaced plate or 
drum in pos it ron for ghnoing contact with 
the other surface of the web of extruded soft 
filaments, where such mccHfication is i desired, 
whfie still retaining rhe open low density struc- 95 
tyre throughout tfe centre oi me werx In an- 
oriie: moiScaricii the filaments are extruded 
in a bundle having a generally circular or oval 
or other ncn-rfrcular cross-section wmch is 
completely encircled by an amnnar contact 100 
plate' to form a cylindrical structure having a 
continuous high-density smooth surface and 
a low-density interior. 

The difference in surface density obtained 
between matt surfaces formed ucdsr free fafil 105 
conditions and against a contact surface re- 
spectively lis graphically illustrated in Figures 
2 and 3, represe n ti ng contact prints prepared 
by JigJirly touching tie surface of the matt to 
a smoothly inked plate or roll and then Egfrrly 110 
pressing me inked surface against a. smooch 
white paper. The black fines 20 and 30 repre- 
sent the inked surfaces of the fi l a m ents at the ( 
papfl>ronfflcting surface. Ancflher method of 

these smifece diffexencs involves a 115 
mieasorement of the gloss, i.e. the amount 
of Eght reflected at . a given angle from me 
surface of the matt when iSuminated from a 
standard source at the same angle. Typically, 
the reflection from rhe front surface is one- 120 
foirrh to one-tbird the reflection frcm the 
more dense flat back surface. 

As polymeric materials may be used poly- 
carbonate, porya&yfene, 'polyester, polyvinyl, 
tolvamide, monomer and other resins which 125 
are extrudable at elevated temperatures. in the 
form cf soft flexible cCTtinuous filaments and 
which at tower temperatures have the required 
srifihesSj toughness and other required pbysi* 
cal and chemical characteristics. Particular 130 
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polymers may iff desired contain plasricizers 
or softeners aid may be tttowiae =mftf^fi?d by 
•the addition of coiosung events, fifcuous -rc- 
m fating flgems, stafoiMzea^ filters and cflier 

5 arfflflt v'es. The completed mm may ubo be 
modified if dearetf, for example by 
wffli sohnaoos «r snspensions df resins, bond- 
ing agents or orafflmg agents as jh^nArefare 
waoS, or by dyeing oa mttalliTriog the f3a- 

10 romsj or by further addition of particntere 
materials such as abrasive grams, metal flakes, 
fitoos ficnk, ground coa£ or the ife. or fey 
embossmg) skiving, sheading, laumisaifiiifg, par- 
tial fusang or otter physical txertmaaE. An 
.15 .example is Hhe iarrodimuo of a pfiastic screen 
or fiSn at the conaact surface which ttee* 
by becomes fighdy bonded to the cemadebg 
layer of filaments to form a laminae 
ture» 

20 Althaag£ filaments of very snail as well 
as very large diameter may be produced and 
handled as hereto 'described, prodisats contain- 
ing flkments within the range d£ approjri- 
nOTdy five mils (.125 max) to 125 mils (3.2 

25 mm>), or preferably 15 to 35 mis (A to 
.9 mm.), in diameter, provide s fa'gh degree 
of resmence and' ensah resistance TOgsafhctf 
with exceusrft madsiiiica] sm&igtih and are 
preferred for uses retjuiidng these properties^ 
k 30 for example in outdoor caapEnng and m cable 
rtr ofeds as t previcasly meationed. Smaller and 
Stager fifoixrofr behave similarly in many 
♦ respects and may be used £ desdrfed, "hut dia- 

meters of less than about five mHs (.125 mm.) 

35 make fiox tfrfficufey in extrushm lack of 
strength, whereas buodte or mates of tnod-Jifce 
fibers of very large diameter are stiff and! 
difficult la handle: and are useful only for 
specialized purposes. 

40 _ Tfc nun&er and conceotrarion of filament? 
is also sufrjecr to wide variation depending an 
the tfsqi&red matt density or poiDShy, thicfe 1 
pess, and. other properties. Hie thttfawss, for 
txjuw$& as used in tfae cafail&tioii of void 

45 volume, is most satisfaceorily determined by 
pfecmg die mart on a fiat surace* covering it 
with asheer of Egfet weight cardboard and 
estimating tie spadng between support and 
cover to rha nearest milometer 

50 The flatnsudaced, opto, fbosely bomfed 
fuamentary produces of thas bveudon have a 
number o$ fieMs of utfSry as hmiabefore 
noted wherein their Testacy, cnEb-resis- 
taoce, low density, smoodt flWnpnir surfaces 

55 and other properties ooinMned v^ th^ir mx- 
proved surface characteristics offer important 



advantage* The products are ako useful in 
the drcoratrve field, and for such purposes 
maybe-puoduced in a variety of cotes and -in- 
various patterns. As an example df the latter, 60 
me surface of the drum 12 may be suitably 
patterned, e.g. provided vrfch vrcesrbarB or 
otiier irregdaiitaes together wkh or fin place 
of tbe pins 16i or a wave motion imparted 
to the siuj&ffie df dxe (jnandi badi may pro~ 65 
vide a wavy characteristic to The entire mas; 
or me rate c; extrusion of tfae filamenJs may 
ba pemoddcaJly vaakd fcr a j»rrnbr purpose, 
prodocmg & perraric change in the apparent 
density or thirfanfgs of the matt. 70 

Example 1 
Polyester main, prepared from ten pans 
of ethylene grycoi, aine parts ctf terc^itialic 
acid and one part of isotptohaHc acid and 
having a density of 1.334 ©ns./cr,, is ex- 75 
traded under a prassnre ctf lapprcsimatdy 
500 psi (35 fcg./«3.cm.) as inquired to obtain 
the desired rate of flow 3 ttawgii a spwmeret 
10 having 260 openmgs arranged in four iow^ 
of 65 !m>enmgs each witfain a space of 5/8" 80 
x 8" (1.6 ' x 20 can-) and positioned a dis- 
tance of *8-3 1 A inste (22 cm.) above the sur- 
face df a water quench barh 13 in an apparatus 
as indicated m PSguae 1. Trie I'mim- row of 
cpsings is anan^d above the edge of a ^5 
polished steel 'drum 12 having its ass at the 
■water level and fitted with support pas 16, 
and which is driven at a surface speed of five 
feet per minute (Z5 cm/sec). Hie polymer is 
eroraded at a constant rale of 400 grams per 90 
manure to at dffierent tempsoatures and 
through spinnerets of different orifice dia- 
meters as tabulated The mruded streams 
begin to pursue a wavy or okfcular morion at 
about one krcji (2$ tm.) above tte surface 95 
of idxe quench bath, a nd the drum is set so 
that the outer streams first coutact the. drum 
surface at approximately tto paint In tihe 
taibti&tiorjj 0 is me orifice ^amjeter in \w%m 
(mm.); T is the temperatnre of the aesb in 100 
degrees F. O&grees C.) just prior to extru- 
sion; D i& ihe diameter in fatfies (moL) of 
me resulting filament as rcDoyestd &om the 
matt; L istiht average length in inches (cm.)- 
of the cca^rmrajus fil^rrfiTTt segments recovAted 105 
from a 'two-indi {5 cm.) length of the matt:; 
t is the thickness of die mad in inches, (oil); 
and V is the calculated void volume in per- 
cent of total measured volume using the nomi- 
nal <cbfckness determined as herembsfore 110 
noted 
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.031(.79) 


490(254) 


.026(, 66) 






95.6 


,031(.79) 


500(260) 


.024(,61) 


7.3(10pO) 




95.0 






,020(.51) 


9.8(24.8) 


.S3(1.6) 


95.5 


.Q24(.61) 


490(254) 


.031(.46) 


6.5(16.5) 


.69(1.8) 


95.3 


.024(.6I) 


500(260) 


.018(,46) 


6.8(17,3) 


.69(1.8) 


95.7 


\Q24C-61) 


510(266) 


.016(.41) 


7.8(19,8) 


.69(1.8) 


95.3 



In ffirii instance there is produced a uni- 
fied, well bonded matt wtech is resferant to 
crushing under normal lhand ptessuce. It is 
5 resffient and springy. The individual con* 
tinuous filaments are bonded n> each after at 
but may be broken away 
and rawwsd dncact. The back aflface of the 
r nfft r is flattened atod is seen to contain a Irigk 
10 co uua i ua cioD of filament whereas tie froot 



15 



sriiface is rtfagh and irregular md is much 
more open. 

Example 2 
The procedure of Example 1 is repeated 
Hemp polycaifccwaie: resin having a density of 
126 and Ac surface ctf the water quecrii 
bath pajrt£oned at a <fistance of indies (15 
cm.) beneath the spinneret. Raze cf feed is 
40O gn^/man. aod extrusion pressure is in 
the nfi^teiKXXi of 800 psi (56 k^/sq^m*). 20 
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.031(.79) 


660(349) 


.030(.76) 


6.5(16.5) 


.63(1.6) 


93.6 
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680(360) 


.024(.6I) 
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.69(1.8) 


93.6 


.031(.79) 


695(368) 


.018(.46) 


9.3<23.5) 


.63(1.6) 


93.5 


.024(.6I) 


650(343) 


.018(.46) 


8.0(20.3) 


.63(1.6) 


90.7 


.024(.61) 


660(349) 


.017(.43) 


9.0(22.8) 






.024(.61) 


670(354) 


.061(.41) 


11.3(43.6) 







The resulting product is generally similar cessed as in the iWing^ 
to that of Example 1 but is somewhat moi* that the dasmnce from spinneret n> queocn 
... ^ v»4fc «v Jtw4m^ f 1 ^ miA and toe take- 



rigid. 

Example 3 

Pla&itized "white , „ 

chloride ("Geoa 8814"; Gecta is a _ c> 
Tradle Mark) fca-vang a density of 129 is pro- 



bath is six inches (15 an.), and the take- 
up spMd is 8 inches/min. (20 aa/min,). The 
exansion pressure is Jess than 50 pai (3.5 feg./ 
sq.cm,). 



30 
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.018(.45) 


7.0(17.8) 


.80(2.0) 


89.7 
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.017(,43) 
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.63a. 6) 
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.017(.43) 
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.63(1.6) 
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380(193) 
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7.8(19.7) 


.38(1.0) 
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,016(.40) 
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.015(.38) 


5.5(13.9) 


.38(1.0) 


89.0 



A red pigmented ptestozed polyvinyl chkafede ("Gscn 8812") under the same condi- 
tions gives m* following values: 

.031(79) 310(154) + 022(.56) 10.8(27-5) .44(12) 89.0 
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When the vinyl reab is extruded directly 
into tiie quench bath without first contacting 
the dram, ahe strands contact and bond to- 
gether to such a very fltrrH>Arf enfleni. tfwr 
they a>me spar* or separate into smaflex groups 
or into separate strands' under due gendest 
handling aid Hhe matt cannot effectively te 
drkd, wound up, or otherwise pro cessed as a 

In a modified ptrcmlmt a Strip df 
fiefflWe, vinyl nesin coated glass doth, lightly 
pwxsoated wMi lipoid plasadzer for the vinyl 
resin, is kHrateccd between tne fiteniects and 
the rowing drum, 'which in *M& instaroc is 
free of pans 16. The filaments arc: EgbaSy 
bonded to The doth and to each Oder id a 
unified Gaminate. 

The affignt degree of bonding imtMy 
attained may be fcnprOHtd by $ttfhsequentt 
treatment «cf the. product with bonfcKng 
for exainpk by adding a vinyl p&stisol and 
nesting. Simi lar Utamieni may be used to. 
bond Together two or mart mt&# Jn *ith *r 
f ace-tfr-faoe or side>*y-s6cte pesmon. 
Example 4 

tt Soxlyn A— 1601* Bonomer (Sorlyn 4s a 
Registered Trade Mark), tewing a density of 
.94 gEt/ec, is csttrudfd in the apparatus 
prevtoly descrfcd, with a drop of 3J inches 
(8.9 an.) from spscneret to quench bam, at 
a rate of 180 grams /niinots with 7rr°tt re- 
covery at 5 feeft/mimflse (2.5 cnL/sefc.^ fcsing 
tfe .031 inch (.79 mm.) taffies and a melt 
ttmperatme of 450°F. (232°C), to produce a 
strong open ausb-resistant matt wh&oh is flat 
flniH osHse at tire back surface* 

The ionamer is a tftnnoplamc toiigh copoly- 



mer of moncmors of tbfi type ethylene and 
meth&cryftc add, and is partict&sriy resistant 
to abra sion. 

WHAT WE CLAIM IS: — 

1, Method^ of making a smeoti^surfaced 
ojsen porous integrated aiddes of comtsnuoos 
cruided filaments, wnidh ccaxpises estrodSag 
a hot ftanxiptaSc polymeric matersal in the 
form of a boodle of 'diasdy-spaced separate 
coTTtinnous filaments, peirclhrbg said! filnmpr^ 
to fall naider their own weSgk toward the 
aatface of a Hqwd quench bash, 
a contact surface above said qntcdx bath. Sur- 
face and in posracc. to permit a giaTiring con- 
tact winh at feast a portion of the oucer fila- 
menss of said bundSe, and advancing t&e result- 
ing handle of filaments witMn said quench 
batit at a linear speed substantially Hess man 
the extniston speed of sasd n^aments^ whtofleby 
vo cause ciunt&jg, welding together and iraex- 
engagoment df said fikments Soto a lightly ma- 
iled matt having a flat OTfarx area c^intrea^d 



2. Method of ctedm 1 wherein fche ratio 
of advandng speed -co esarasdon speed is be- 
tween 2 and 7. 

3. Method of dam 1 wherein lie pcrty- 
mroc material is extruded as ^^npiyts having 
a diameter taween 5 and 125 mils. 

4. Merited of datrm 3 wneeia the poly- 
meric materhd is extruded i as fi fy" T UM y 'hav- 
ing a diameter between 15 and 35 mnk. 

5. A &nv ir-^wtt i>nr^<:;>^ open iHsmexftaiy 
article compriang an open mm of inter- 
engaged! comSnuons ennkkd filarnects of it- 
s&enr thermoplastk; >ploymeric materifd 
welded togei&er at points of naftuaj contact to 
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form an eniegraced structure at least a por- 
tion of cne surfeae of which is flattened and 
contains a feigner density of filament than 
does &e inner portion of said matt. 
6. The article of claim 5 whereon the fila- 
have a diame&r of between 5 and 125 



7. The article of daam 6 wfcerdn the fila- 
ments have & diameter of tawten 15 and 
35 mOs. 

8. The amcfe of <Mm 5 whereinlhe ratio 
of the average length of the oomadned fig- 
ments to the length cf the man is between 2 
and 7, . 

9. The article of claim 5 whesedn the ratio 
of the fiber density at the iter surface to that 
at a paralld plane removed from the Sat snr- 
face is at least two. 



10. The article of claim 5 having a thick- 
ness of at feast cne-qnaner inch (.6 cm,). 

11. The article of claim 5 having two oppoa- 



12. A method of making a mroth-snrfaced 
open porous axtfek subsrsnrcaEy as faesrda de- 

13. An amide made by the method of any 
one of claims 1—4 or 12, 

14. A smoorhhsorfaced open filamentary web 
substantially as herein described. 

Fox the Applicants, 
LLOYD, WISE, EOULY & HAIG, 
Norman House, 
105—109 Strand, 
London W.C2. 
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